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1

SEMICONDUCTOR DEVICE AND DISPLAY
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
and a display device. In this specification, a semiconductor
device refers to a semiconductor element itself or a device
including a semiconductor element. As an example of such a
semiconductor element, for example, a transistor (such as a
thin film transistor) can be given. In addition, a semiconduc-
tor device also refers to a display device such as a liquid
crystal display device.

2. Description of the Related Art

In recent years, display devices using liquid crystal panels
and display devices using organic EL panels have been under
active development. These display devices are broadly clas-
sified into display devices in which only transistors for pixel
control (pixel transistors) are formed over a substrate and
scanning circuits (driver circuits) are included 1n peripheral
ICs and display devices 1n which scanning circuits are formed
over the same substrate as pixel transistors.

Display devices in which driver circuits are integrated with
pixel transistors are more effective for reduction in frame
width of the display devices or cost of the peripheral ICs.
However, transistors used in the driver circuits are required to
have better electrical characteristics (e.g., field-effect mobil-
ity (UFE) or threshold voltage) than the pixel transistors.

Although a silicon-based semiconductor material has been
widely known as a material for a semiconductor thin film
applicable to transistors, an oxide semiconductor 1s attracting
attention as another notable material (e.g., Patent Documents
1 and 2). For example, attention 1s drawn to a transistor using
as a semiconductor thin film an amorphous oxide which con-
tains indium (In), gallium (Ga), and zinc (Zn) and has an
electron carrier concentration of less than 10'%/cm”.

Transistors using oxide semiconductors for semiconductor
layers have higher field-effect mobility than transistors using
amorphous silicon which 1s a silicon-based semiconductor
material for semiconductor layers. Hence, the transistors
using oxide semiconductors can operate at high speed and be
suitably used for the display devices 1n which driver circuits
are integrated with pixel transistors. Besides, a manufacturing
process for such transistors using oxide semiconductors 1s
casier than a manufacturing process for transistors using
polycrystalline silicon for semiconductor layers.

However, a problem of the transistors using oxide semi-
conductors for semiconductor layers 1s that entry of impuri-
ties such as hydrogen or moisture 1nto the oxide semiconduc-
tors generates carriers and changes the threshold voltage
which 1s one of electrical characteristics of the transistors.

REFERENCES

[Patent Document 1] Japanese Published Patent Application
No. 2007-123861

| Patent Document 2] Japanese Published Patent Application
No. 2007-096055

SUMMARY OF THE INVENTION

An object of one embodiment of the present invention 1s to
provide a highly reliable semiconductor device in which the
threshold voltage of a transistor can be controlled. Another
object of one embodiment of the present invention 1s to pro-
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vide a display device including a highly reliable semiconduc-
tor device 1n which the threshold voltage of a transistor can be
controlled.

One embodiment of the present invention 1s a semiconduc-
tor device 1n which a back gate 1s provided 1n order to control
the threshold voltage of a transistor.

One embodiment of the present invention 1s a semiconduc-
tor device including: a transistor including a gate electrode, a
gate 1nsulating film formed over the gate electrode, a semi-
conductor layer formed over the gate msulating film, and a
source electrode and a drain electrode formed over the semi-
conductor layer; a first insulating film formed using an 1nor-
ganic material over the transistor; a second insulating film
formed using an organic material over the first insulating film;
a first conductive film formed over the second msulating film
and formed 1n a region overlapping with the semiconductor
layer; a third insulating film formed using an 1norganic mate-
rial over the first conductive film; and a second conductive
film formed over the third insulating film and formed 1n a
region overlapping with the first conductive film. The abso-
lute value of a first potential applied to the first conductive
f1lm 1s greater than the absolute value of a second potential
applied to the second conductive film.

In the above embodiment of the present invention, the
semiconductor layer 1s preferably an oxide semiconductor
layer. In addition, 1n the above embodiment of the present
invention, the first insulating {ilm 1s preferably an oxide 1nsu-
lating film.

One embodiment of the present invention 1s a semiconduc-
tor device including a driver circuit portion, in which the
driver circuit portion includes the semiconductor device
described above as one embodiment of the present invention.

In the above embodiment of the present invention, it 1s
preferable that the semiconductor device further include a
pixel portion supplied with a signal by the driver circuit
portion, that the pixel portion 1include a pixel electrode, and
that the pixel electrode be electrically connected to the first
conductive film. In that case, the first conductive film can be
at the same potential as the pixel electrode.

One embodiment of the present invention 1s a semiconduc-
tor device including a pixel portion, 1n which the pixel portion
includes the semiconductor device described above as one
embodiment of the present invention.

One embodiment of the present invention 1s a semiconduc-
tor device including a pixel portion and a driver circuit portion
for supplying a signal to the pixel portion, in which each of the
pixel portion and the driver circuit portion includes the semi-
conductor device described above as one embodiment of the
present 1nvention.

In the above embodiment of the present invention, it 1s
preferable that the pixel portion include a pixel electrode and
the pixel electrode be electrically connected to the first con-
ductive film. In that case, the first conductive film can be at the
same potential as the pixel electrode.

In the above embodiment of the present imnvention, it 1s
preferable that the pixel portion include a common electrode
and the common electrode be electrically connected to the
second conductive film. In that case, the second conductive
f1lm can be at the same potential as the common electrode.

In the above embodiment of the present invention, a liquad
crystal layer 1s preferably formed over the second conductive
film. In that case, the first potential applied to the first con-
ductive film 1s blocked by the third msulating film and the
second conductive film; thus, a potential applied from the first
conductive film to the liquid crystal layer 1s reduced.
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In the above embodiment of the present invention, the
oxide semiconductor layer preferably contains at least one
oxide selected from the group consisting of indium oxide, tin
oxide, and zinc oxide.

In the above embodiment of the present imvention, the
oxide semiconductor layer i1s preferably an In—Ga—Z7n-
based oxide semiconductor layer.

In the above embodiment of the present invention, it 1s
preferable that the oxide semiconductor layer include a crys-
tal part and a c-axis of the crystal part be parallel to a normal
vector ol a surface where the oxide semiconductor layer 1s
formed.

One embodiment of the present invention 1s a display
device mcluding the semiconductor device described above
as one embodiment of the present invention.

One embodiment of the present invention 1s a display
device including: a pixel electrode provided as one electrode
of a ligmd crystal element; a common electrode provided as
the other electrode of the liquid crystal element so as to face
the pixel electrode; a transistor electrically connected to at
least one of the pixel electrode and the common electrode and
including a gate electrode, a gate insulating film formed over
the gate electrode, a semiconductor layer formed over the gate
insulating film, and a source electrode and a drain electrode
formed over the semiconductor layer; a first msulating film
formed using an norganic material over the transistor; a
second insulating film formed using an organic material over
the first insulating film; and a conductive film formed over the
second 1nsulating film and formed 1n a region overlapping
with the semiconductor layer. The conductive film 1s at the
same potential as the common electrode.

In accordance with one embodiment of the present inven-
tion, a highly reliable semiconductor device in which the
threshold voltage of a transistor can be controlled can be
provided. Furthermore, 1n accordance with one embodiment
of the present invention, a display device including a highly
reliable semiconductor device in which the threshold voltage
of a transistor can be controlled can be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a top view showing the whole of a semiconduc-
tor device; FIG. 1B 1s a top view showing part of a driver
circuit portion of the semiconductor device; and FIG. 1C 1s a
top view showing part of a pixel portion.

FIG. 2A 1s a cross-sectional view taken along the line
X1-Y11n FIGS. 1A to 1C, and FIG. 2B 1s a circuit diagram of
a pixel portion illustrated 1n FIGS. 2A and 1C.

FIGS. 3A and 3B are cross-sectional views of transistors
which can each be used in a driver circuit portion of a semi-
conductor device.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present invention will be described in
detail below with reference to drawings. Note that the present
invention 1s not limited to the following description, and 1t 1s
casily understood by those skilled in the art that various
changes and modifications can be made without departing
from the spirit and scope of the present invention. Therefore,
the present invention should not be construed as being limited
to the description in the following embodiments.

Embodiment 1

In this embodiment, one embodiment of a semiconductor
device 1s described with reference to FIGS. 1A to 1C and
FIGS. 2A and 2B.
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FIGS. 1A to 1C illustrate top views of a semiconductor
device as one embodiment of the semiconductor device. FIG.
1A shows the whole of the semiconductor device, FIG. 1B
shows part of a driver circuit portion of the semiconductor
device, and FI1G. 1C shows part of a pixel portion. In addition,
FIG. 2 A corresponds to a cross-sectional view taken along the
line X1-Y1 1 FIGS. 1A to 1C. FIG. 2B 1s a circuit diagram of
the pixel portion 1llustrated 1n FIGS. 1C and 2A.

Note that the semiconductor device described in this
embodiment with reference to FIGS. 1A to 1C and FIGS. 2A
and 2B 1s one example of a semiconductor device including a
liquid crystal element of a horizontal electric field type. How-
ever, without limitation to this structure, one embodiment of
the present mvention may be applied to a semiconductor
device including a liquid crystal element of a vertical electric
field type. In addition, one embodiment of the present mven-
tion may be applied to a semiconductor device including a
light-emitting element, such as an organic EL element, as a
display element.

In the semiconductor device 1llustrated 1n FIG. 1A, a seal-
ant 112 1s placed so as to surround a pixel portion 104, and
gate driver circuit portions 106 and a source driver circuit
portion 108, which are formed over a first substrate 102, and
sealing 1s performed with a second substrate 110. The gate
driver circuit portions 106 and the source driver circuit por-
tion 108 are located outside and adjacent to the pixel portion
104 and supply signals to the pixel portion 104. Thus, the
pixel portion 104, the gate driver circuit portions 106, and the
source driver circuit portion 108 are sealed with the display
clement by the first substrate 102, the sealant 112, and the
second substrate 110.

InFIG. 1A, aflexible printed circuit (FPC) terminal portion
113 whach 1s electrically connected to the pixel portion 104,
the gate driver circuit portions 106, and the source driver
circuit portion 108 1s placed 1n a region that 1s different from
the region surrounded by the sealant 112, over the first sub-
strate 102. An FPC 114 1s connected to the FPC terminal
portion 113. Signals and potentials applied to the pixel por-
tion 104, the gate driver circuit portions 106, and the source
driver circuit portion 108 are supplied through the FPC 114.

Although an example 1n which the gate driver circuit por-
tions 106 and the source driver circuit portion 108 are formed
over the first substrate 102 where the pixel portion 104 is
formed 1s 1llustrated in FIG. 1A, this structure does not limit
the present invention. For example, only the gate driver circuit
portions 106 may be formed over the first substrate 102 and a
separately prepared substrate where a source driver circuit 1s
formed (e.g., a driver circuit substrate formed using a single
crystal semiconductor film or a polycrystalline semiconduc-
tor film) may be mounted on the first substrate 102.

Although an example 1n which the two gate driver circuit
portions 106 are placed on both sides of the pixel portion 104
1s 1llustrated 1n FIG. 1A, the present invention 1s not limited to
this example. For example, a gate driver circuit portion 106
may be placed on only one side of the pixel portion 104.

Note that there 1s no particular limitation on the method of
connecting a separately prepared driver circuit substrate, and
a chip on glass (COG) method, a wire bonding method, a tape
automated bonding (TAB) method, or the like can be used.

As described above, some or all of the driver circuits which
include transistors can be formed over the first substrate 102
where the pixel portion 104 1s formed, so that a system-on-
panel can be obtained.

As 1llustrated 1in FIGS. 1B and 2 A, a first transistor 250 1s
formed 1n the gate driver circuit portion 106 which 1s a driver
circuit region. In the first transistor 250, a gate electrode 116,
a source electrode 120, and a drain electrode 122 are electri-
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cally connected to a semiconductor layer 118. In the gate
driver circuit portion 106, a gate line including the gate elec-
trode 116 extends horizontally, a source line including the
source electrode 120 extends vertically, and a drain line
including the drain electrode 122 extends vertically with a
distance from the source line. Over the first transistor 250, a
first conductive film 128 and a second conductive {ilm 148 are
formed. Note that the first conductive film 128 and the second
conductive film 148 overlap with each other 1n the top view
and are therefore indicated with broken lines 1n FIG. 1B.

The gate driver circuit portion 106 including the first tran-
s1stor 250 can supply a signal to a transistor included 1n each
pixel of the pixel portion 104.

To control various signals, raise a voltage, and the like, the
first transistor 250 in the gate driver circuit portion 106
requires a relatively high voltage, specifically a voltage of
about 10V to 30 V.

Further, as 1llustrated 1n FIGS. 1C and 2A, a second tran-
sistor 252 1s formed in the pixel portion 104. In the second
transistor 252, the gate electrode 116, the source electrode
120, and the drain electrode 122 are electrically connected to
the semiconductor layer 118.

The second transistor 252 1s electrically connected to a
pixel electrode 130 and a common electrode 150.

For specific description of the structure of the semiconduc-
tor device 1llustrated in FIGS. 1A to 1C, the structure of the
gate driver circuit portion 106 and the pixel portion 104 1s
described below with reference to FIG. 2A corresponding to
the cross-sectional view along the line X1-Y1 in FIGS. 1A to
1C.

Note that the semiconductor device illustrated in FIG. 2A
1s one example of a display device including a pixel electrode
as one electrode of a liquid crystal element, a common elec-
trode as the other electrode of the liquid crystal element, and
a transistor electrically connected to at least one of the pixel
electrode and the common electrode.

The gate driver circuit portion 106 1s described below first,
and then the pixel portion 104 1s described.

The gate driver circuit portion 106 includes the first sub-
strate 102 and the first transistor 250 which includes the gate
clectrode 116 formed over the first substrate 102, a gate
insulating film 117 formed over the gate electrode 116, the
semiconductor layer 118 formed over the gate insulating film
117, and the source electrode 120 and the drain electrode 122
formed over the gate insulating film 117 and the semiconduc-
tor layer 118.

In addition, the gate driver circuit portion 106 includes a
first insulating film 124 formed using an inorganic material
over the first transistor 250, specifically, over the gate 1nsu-
lating film 117, the semiconductor layer 118, the source elec-
trode 120, and the drain electrode 122, and a second insulat-
ing film 126 formed using an organic material over the first
insulating film 124.

Furthermore, the gate driver circuit portion 106 includes
the first conductive film 128 formed over the second msulat-
ing film 126 over the first transistor 250 1n a region overlap-
ping with the semiconductor layer 118, a third insulating film
138 formed using an 1norganic material over the first conduc-
tive film 128, and the second conductive film 148 formed over
the third msulating film 138 1n a region overlapping with the
first conductive film 128.

The first conductive film 128 functions as a back gate
clectrode of the first transistor 250. By application of a poten-
tial to the first conductive film 128, the threshold voltage of
the first transistor 250 can be controlled.

Specifically, 1n the case where the first transistor 250 1s an
n-type transistor, the threshold voltage of the first transistor
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250 can be shifted 1n the positive direction by application of
a negative potential to the first conductive film 128.

Note that the potential applied to the first conductive film
128 1s preferably equal to or lower than a potential applied to
the source electrode 120.

Note that the threshold voltage of the first transistor 250
may be controlled by application of a potential to both the first
conductive film 128 and the second conductive film 148.

The third mnsulating film 138 and the second conductive
film 148 are formed over the first conductive film 128. The
potential applied to the first conductive film 128 1s blocked by
the third insulating film 138 and/or the second conductive
f1lm 148. That 1s, this structure can reduce a potential applied
from the first conductive film 128 to a liquad crystal layer 134.

For example, in the case of a structure without the third
insulating film 138 and the second conductive film 148, when
a potential 1s applied to the first conductive film 128 1n order
to control the threshold voltage of the first transistor 250, a
potential may also be applied to the liquid crystal layer 134.
This might cause disordered orientation 1n the liqud crystal
layer 134 or an 1image persistence problem with the liquid
crystal layer 134. However, these problems can be controlled
with the third insulating film 138 and the second conductive
film 148.

The second conductive film 148 1s preferably set at a poten-
tial equal to the potential applied to the common electrode
150 (also referred to as a common potential), in which case
disordered orientation in the liquid crystal layer 134 can be
suppressed.

Therefore, the potential applied to the first conductive film
128 1s set higher than that applied to the second conductive
film 148. Note that the absolute values of the potentials are
compared here because the potentials applied can be positive
or negative depending on specifications of the semiconductor
device.

Although an example 1n which the second conductive film
148 1s formed 1n an 1sland shape over the first transistor 250 1s
given 1n this embodiment, the present invention 1s not limited
to this example. For example, the second conductive film 148
may be formed over the entire area of the gate driver circuit
portion 106. In that case, the gate driver circuit portion 106
can be protected from electrostatic discharge (so called ESD).

Next, the pixel portion 104 1s described below.

The pixel portion 104 includes the first substrate 102 and
the second transistor 252 which includes the gate electrode
116 formed over the first substrate 102, the gate insulating
f1lm 117 formed over the gate electrode 116, the semiconduc-
tor layer 118 formed over the gate insulating film 117, and the
source electrode 120 and the drain electrode 122 formed over
the gate insulating film 117 and the semiconductor layer 118.

In addition, the pixel portion 104 includes the first insulat-
ing film 124 formed using an inorganic material over the
second transistor 252, specifically, over the gate insulating,
film 117, the semiconductor layer 118, the source electrode
120, and the drain electrode 122, and the second insulating
f1lm 126 formed using an organic material over the first insu-
lating film 124.

Furthermore, the pixel portion 104 includes a first conduc-
tive 1ilm 129 formed over the second 1nsulating film 126 over
the second transistor 252 1n a region overlapping with the
semiconductor layer 118, a third msulating film 139 formed
using an inorganic material over the first conductive film 129,
and a second conductive film 149 formed over the third 1nsu-
lating film 139 1n a region overlapping with the first conduc-
tive film 129. Note that the first conductive film 129 1s elec-
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trically connected to the drain electrode 122 through an
opening formed 1n the first insulating film 124 and the second
insulating film 126.

The first conductive film 129 functions as a back gate
clectrode of the second transistor 252. By application of a
potential to the first conductive 1ilm 129, the threshold voltage
of the second transistor 252 can be controlled. The function of
the back gate electrode 1s stmilar to that 1n the first transistor
250 1n the gate driver circuit portion 106, and description 1s
therefore omitted here.

A region other than the second transistor 252 1n the pixel
portion 104 includes the pixel electrode 130 formed over the
second 1nsulating film 126, a third insulating film 140 formed
over the pixel electrode 130, the common electrode 150
formed over the third insulating film 140, and the liquid
crystal layer 134 formed over the common electrode 150.

The pixel electrode 130, the third insulating film 140, and
the common electrode 150 form a capacitor 254, and the pixel
clectrode 130, the third insulating film 140, the common
clectrode 150, and the liquid crystal layer 134 form a liquid
crystal element 2356.

The pixel electrode 130, the third insulating film 140, and
the common electrode 150 which form the capacitor 254 are
cach preferably formed using a material having the property
of transmitting visible light, 1n which case large capacitance
can be ensured without reducing the aperture ratio of the pixel
portion 104.

The pixel electrode 130 functions as one of a pair of elec-
trodes of the liquid crystal element 256. In addition, the pixel
clectrode 130 functions as one of a pair of electrodes of the
capacitor 254.

The common electrode 150 has a comb-shaped portion;
cach of teeth of the comb-shaped portion overlaps with the
pixel electrode 130 with the third insulating film 140 provided
therebetween. The common electrode 150 functions as the
other of the pair of electrodes of the liquid crystal element
256. In addition, the common electrode 150 functions as the
other of the pair of electrodes of the capacitor 254.

The common electrode 150 1s electrically connected to an
clectrode 115 through an opening provided 1n the gate 1nsu-
lating film 117, the first insulating film 124, and the second
insulating film 126. The electrode 115 1s formed 1n the same
step as the gate electrode 116. In addition, the electrode 115
may be set at a potential equal to the potential applied to the
gate electrode 116.

Note that the first conductive films 128 and 129 are formed
in the same step as the pixel electrode 130, the third insulating
films 138 and 139 are formed 1n the same step as the third
insulating {ilm 140, and the second conductive films 148 and
149 are formed 1n the same step as the common electrode 150.
Therefore, the first conductive films 128 and 129 functioning
as the back gate electrodes can be formed over the first tran-
s1stor 250 and the second transistor 252 without an increase in
the number of manufacturing steps.

The first conductive film 128 may be electrically connected
to the pixel electrode 130. The first conductive film 129 may
be electrically connected to the pixel electrode 130. Each of
the first conductive films 128 and 129 may be electrically
connected to the pixel electrode 130.

The second conductive film 148 may be electrically con-
nected to the common electrode 150. The second conductive
f1lm 149 may be electrically connected to the common elec-
trode 150. Each of the second conductive films 148 and 149
may be electrically connected to the common electrode 150.

In this manner, the connections of the first conductive film
128, the first conductive film 129, the pixel electrode 130, and
the common electrode 150 can be determined optimally by a
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practitioner. For example, the potential for the common elec-
trode may be applied to the first conductive film 128 and the
pixel electrode 130, and the potential for the pixel electrode
may be applied to the first conductive film 129 and the com-
mon electrode 150. In that case, the pixel electrode 1s located
on the liquid crystal layer 134 side; thus, the potential applied
to the pixel electrode may be adjusted as appropriate so as to
prevent disordered orientation 1n the liquid crystal layer 134
or an 1mage persistence problem with the liquid crystal layer
134.

Note that a first potential applied to the first conductive
films 128 and 129 and the pixel electrode 130 1s higher than a
second potential applied to the second conductive films 148
and 149 and the common electrode 150.

The first conductive film 128 1n the gate driver circuit
portion 106 and the first conductive film 129 1n the pixel
portion 104 may be controlled independently of each other.
For example, a potential may be applied only to the first
conductive film 128 in the gate driver circuit portion 106, and
no potential may be applied to the first conductive film 129 in
the pixel portion 104.

The second conductive film 148 1n the gate driver circuit
portion 106 and the second conductive film 149 1n the pixel
portion 104 may be controlled independently of each other.
For example, a potential may be applied only to the second
conductive f1lm 148 1n the gate driver circuit portion 106, and
no potential may be applied to the second conductive film 149
in the pixel portion 104.

A circuit configuration of the pixel portion 104 illustrated
in FIGS. 1C and 2A 1s described here with reference to FIG.

2B.

FIG. 2B illustrates an example of a pixel circuit which can
be used in the pixel portion 104. In accordance with a signal
through a scan line GL from the gate driver circuit portion
106, the second transistor 252 1s turned on to write data from
the data line DL. The second transistor 252 1s connected to the
first conductive film 129, which functions as the back gate
clectrode. A potential 1s applied to the back gate electrode 1n
accordance with a signal from the back gate line BL. The
threshold voltage of the second transistor 252 can be con-
trolled with the back gate electrode.

When the second transistor 252 1s turned oif, the liquid
crystal element 256 and the capacitor 254 1n which the data
has been written are brought into a holding state. This opera-
tion 1s sequentially performed on a plurality of pixels row by
row; thus, an 1image 1s displayed. One of the pair of electrodes
of the capacitor 254 i1s electrically connected to a potential
supply line VL, and the other 1s electrically connected to one
of the pair of electrodes of the liquid crystal element 256. The
potential of the potential supply line VL 1s set as appropniate
depending on specifications. The capacitor 254 functions as a
storage capacitor for retaining written data.

Here, other components of the semiconductor device 1llus-
trated 1n FIGS. 1A to 1C and FIGS. 2A and 2B are detailed
below.

For the first substrate 102 and the second substrate 110, a
glass material such as aluminosilicate glass, aluminoborosili-
cate glass, or bartum borosilicate glass 1s used. In the mass
production, for the first substrate 102 and the second substrate
110, a mother glass with any of the following sizes 1s prefer-
ably used: the 8-th generation (2160 mmx2460 mm), the 9-th
generation (2400 mmx2800 mm, or 2450 mmx3050 mm), the
10-th generation (2950 mmx3400 mm), and the like. High
process temperature and a long period of process time might
shrink such a mother glass drastically. Thus, in the case of
mass production with the use of such a mother glass, heat
treatment 1n a manufacturing process 1s preferably performed

[
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at a temperature of 600° C. or lower, more preferably 450° C.
or lower, still more preferably 350° C. or lower.

For the electrode 115 and the gate electrode 116, a metal
clement selected from the group of aluminum, chromium,
copper, tantalum, titanium, molybdenum, and tungsten, an
alloy containing any of these metal elements as a component,
an alloy containing these metal elements in combination, or
the like can be used. Further, the gate electrode 116 may have
a single-layer structure or a stacked-layer structure of two or
more layers. For example, a single-layer structure of an alu-
minum {ilm containing silicon, a two-layer structure in which
a titantum film 1s stacked over an aluminum film, a two-layer
structure 1n which a titamium film 1s stacked over a titanium
nitride film, a two-layer structure 1n which a tungsten film 1s
stacked over a titanium nitride film, a two-layer structure 1n
which a tungsten film 1s stacked over a tantalum nitride film or
a tungsten nitride film, a three-layer structure in which a
titanium film, an aluminum film, and a titanium film are
stacked 1n this order, and the like can be given. Alternatively,
a 11lm, an alloy film, or a nitride film which contains alumi-
num and one or more elements selected from the group of
titanium, tantalum, tungsten, molybdenum, chromium,
neodymium, and scandium may be used.

Examples of the gate insulating film 117 are a silicon oxide
film, a silicon oxynitride film, a silicon nitride oxide film, a
silicon nitride film, an aluminum oxide film, a silicon nitride
film, a silicon nitride oxide film, and the like, and a single
layer or a stacked layer of such films 1s used as the gate
insulating film 117.

The gate msulating film 117 can be formed as a gate 1nsu-
lating film which has few defects and releases less hydrogen
and less ammonia, when 1t 1s formed to have a stacked-layer
structure 1n which a silicon mitride film having few defects 1s
used as a first silicon nitride film, a silicon nitride film which
releases less hydrogen and less ammonia 1s used as a second
silicon nitride film over the first silicon nitride film, and an
oxide msulating film 1s formed over the second silicon nitride
film. Thus, transfer of hydrogen and nitrogen, which are
contained 1n the gate insulating film 117, to the semiconduc-
tor layer 118 can be mnhibited.

The use of a silicon nitride film as the gate insulating film
117 otters the following effect. The silicon nitride film has a
higher relative permittivity than a silicon oxide film and needs
a larger thickness for an equivalent capacitance. Thus, the
physical thickness of the gate insulating layer can be
increased. This makes 1t possible to reduce a decrease 1n
withstand voltage of a transistor and furthermore increase the
withstand voltage, thereby reducing electrostatic discharge
damage to the transistor.

The thickness of the gate insulating film 117 1s from 5 nm
to 400 nm, preferably 10 nm to 300 nm, more preferably 50
nm to 250 nm.

An oxide semiconductor i1s used for the semiconductor
layer 118, which preferably contains at least indium (In) or
zinc (Zn) or both In and Zn. In order to reduce variation 1n
clectrical characteristics of the transistor including the oxide
semiconductor, the oxide semiconductor preferably contains
one or more stabilizers in addition to In and/or Zn.

As a stabilizer, galllum (Ga), tin (Sn), hatnium (H1), alu-
minum (Al), zirconium (Zr), and the like can be given.

As the oxide semiconductor, for example, any of the fol-

lowing can be used: mndium oxide, tin oxide, zinc oxide, an
In—7n-based metal oxide, a Sn—7n-based metal oxide, an

Al—7n-based metal oxide, an In—Ga-based metal oxide, an

In—Ga—Z7n-based metal oxide (also referred to as IGZ0), an
In—Al—7n-based metal oxide, an In—Sn—~7n-based metal

oxide, a Sn—Ga—7n-based metal oxide, an Al—Ga—/n-
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based metal oxide, a Sn—Al—7Zn-based metal oxide, an
In—H{—7n-based metal oxide, an In—Sn—Ga—~7n-based
metal oxide, an In—H{—Ga—Z7n-based metal oxide, an
In—Al—Ga—Z7n-based metal oxide, an In—Sn—Al—/n-
based metal oxide, an In—Sn—H{t—7n-based metal oxide,
and an In—HI—AIl—Z/n-based metal oxide.

Note that an In—Ga—Z7n-based metal oxide, for example,
1s an oxide whose main components are In, Ga, and Zn, and
there 1s no particular limitation on the ratio of In:Ga:Zn. The
In—Ga—7n-based metal oxide may contain a metal element
other than In, Ga, and Zn.

Alternatively, a maternial represented by InMO,4(Zn0O),
(m>0 1s satisfied, and m 1s not an integer) may be used as an
oxide semiconductor. Note that M represents one or more
metal elements selected from Ga, Fe, Mn, and Co. Alterna-
tively, as the oxide semiconductor, a matenal represented by
In,SnO.(Zn0), (n>0, n 1s an 1integer) may be used.

Further, the energy gap of an oxide semiconductor film that
can be used as the semiconductor layer 118 1s 2 €V or higher,
preferably 2.5 eV or higher, more preferably 3 eV or higher.
In this manner, the off-state current of a transistor can be
reduced by using an oxide semiconductor film having a wide
energy gap.

In addition, the oxide semiconductor film used as the semi-
conductor layer 118 may have an amorphous structure, a
single crystal structure, or a polycrystalline structure.

As the oxide semiconductor film used as the semiconduc-
tor layer 118, a c-axis aligned crystalline oxide semiconduc-
tor (CAAC-OS) film including crystal parts may be used.

The CAAC-OS film 1s not completely single crystal nor
completely amorphous. The CAAC-OS film 1s an oxide semi-
conductor film with a crystal-amorphous mixed phase struc-
ture where crystal parts and amorphous parts are included in
an amorphous phase. Note that in most cases, the crystal part
fits 1nside a cube whose one side 1s less than 100 nm. From an
observation i1mage obtained with a transmission electron
microscope (1EM), a boundary between an amorphous part
and a crystal part in the CAAC-OS film 1s not clear. Further,
with the TEM, a grain boundary in the CAAC-OS film 1s not
observed. Thus, in the CAAC-OS film, a reduction in electron
mobility resulting from the grain boundary 1s not caused.

In each of the crystal parts included 1n the CAAC-OS film,
a c-axis 1s aligned 1n a direction parallel to a normal vector of
a surface where the CAAC-OS film 1s formed or a normal
vector of a surface of the CAAC-OS film, triangular or hex-
agonal atomic arrangement which 1s seen from the direction
perpendicular to the a-b plane 1s formed, and metal atoms are
arranged 1n a layered manner or metal atoms and oxygen
atoms are arranged 1n a layered manner when seen from the
direction perpendicular to the c-axis. Note that, among crystal
parts, the directions of an a-axis and a b-axis of one crystal
partmay be different from those of another crystal part. In this
specification, a simple term “perpendicular” includes a range
from 85° to 95°. In addition, a simple term “parallel” includes
a range from -5° to 5°. Note that part of oxygen included 1n
the oxide semiconductor film may be substituted with nitro-
gen.
In the CAAC-OS film, distribution of crystal parts 1s not
necessarily uniform. For example, 1n the formation process of
the CAAC-OS film, 1n the case where crystal growth occurs
from a surface side of the oxide semiconductor film, the

proportion of crystal parts in the vicinity of the surface of the
CAAC-0OS film 1s higher than that in the vicinity of the
surface where the CAAC-OS film 1s formed in some cases.
Further, when an impurity 1s added to the CAAC-OS film, the
crystal part 1n a region to which the mmpunty i1s added
becomes amorphous 1n some cases.
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Since the c-axes of the crystal parts included in the CAAC-
OS film are aligned 1n the direction parallel to a normal vector
ol a surface where the CAAC-OS film 1s formed or a normal
vector of a surface of the CAAC-OS film, the directions of the
c-axes may be different from each other depending on the
shape of the CAAC-OS film (the cross-sectional shape of the
surface where the CAAC-OS film 1s formed or the cross-
sectional shape of the surface of the CAAC-OS film). Note
that when the CAAC-0OS film 1s formed, the direction of
c-axis of the crystal part 1s parallel to a normal vector of the
surface where the CAAC-OS film 1s formed or a normal
vector of the surface of the CAAC-OS film. The crystal part s
formed by film formation or by performing treatment for
crystallization such as heat treatment after film formation.

With use of the CAAC-OS f{ilm 1n a transistor, change in
electrical characteristics of the transistor due to irradiation
with visible light or ultraviolet light can be reduced. Thus, the
transistor has high reliability.

For the deposition of the CAAC-OS f{ilm, the following
conditions are preferably used.

By reducing the amount of impurities entering the CAAC-
OS film during the deposition, the crystal state can be pre-
vented from being broken by the impurities. For example, the
concentration of impurities (e.g., hydrogen, water, carbon
dioxide, or nitrogen) which exist in the deposition chamber
may be reduced. Furthermore, the concentration of impurities
in a deposition gas may be reduced. Specifically, a deposition
gas whose dew point 1s —80° C. or lower, preferably —100° C.
or lower 1s used.

Furthermore, preferably, the proportion of oxygen 1n the
deposition gas 1s increased and the power 1s optimized 1n
order to reduce plasma damage at the deposition. The propor-
tion of oxygen 1n the deposition gas 1s 30 vol % or higher,

preferably 100 vol %.

The thickness of the oxide semiconductor film used as the
semiconductor layer 118 1s preferably from 1 nm to 100 nm,
more preferably from 1 nm to 30 nm, still more preferably 1
nm to 50 nm, further preferably 3 nm to 20 nm.

The concentration of an alkali metal or an alkaline earth
metal 1n the oxide semiconductor film used as the semicon-
ductor layer 118, which 1s measured by secondary ion mass
spectrometry (SIMS), is preferably 1x10'® atoms/cm” or
lower, more preferably 2x10'° atoms/cm” or lower. This is
because an alkali metal and an alkaline earth metal are bonded
to an oxide semiconductor to generate carriers 1 SOMeE Cases
and thus cause an increase in oif-state current of the transistor.

Further, the hydrogen concentration in the oxide semicon-
ductor film used for the semiconductor layer 118, which 1s
measured by secondary 1on mass spectrometry, 1s preferably
lower than 5x10"® atoms/cm”, more preferably 1x10"® atoms/
cm® or lower, still more preferably 5x10"’ atoms/cm’ or
lower, further preferably 1x10'° atoms/cm” or lower.

Hydrogen contained in the oxide semiconductor film reacts
with oxygen bonded to a metal atom to produce water, and a
defect 1s formed 1n a lattice from which oxygen 1s released (or
a portion from which oxygen 1s removed). In addition, a bond
of part of hydrogen and oxygen causes generation of electrons
serving as carriers. Thus, the impurities containing hydrogen
are reduced as much as possible 1n the step of forming the
oxide semiconductor {ilm, whereby the hydrogen concentra-
tion 1n the oxide semiconductor film can be reduced. Accord-
ingly, the oxide semiconductor film from which hydrogen 1s
removed as much as possible i1s used for a channel region,
whereby a negative shiit of a threshold voltage can be inhib-
ited and variation 1n electrical characteristics can be reduced.
Further, leakage current between a source and a drain of a
transistor, typically off-state current, can be reduced.
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The source electrode 120 and the drain electrode 122 are
formed to have a single-layer structure or a stacked-layer
structure including, as a conductive material, any of metals
such as aluminum, titanium, chromium, nickel, copper,
yttrium, zirconium, molybdenum, silver, tantalum, and tung-
sten or an alloy containing any of these metals as its main
component. For example, a single-layer structure of an alu-
minum {ilm containing silicon, a two-layer structure in which
a titantum film 1s stacked over an aluminum film, a two-layer
structure 1n which a titanium film 1s stacked over a tungsten
film, a two-layer structure 1n which a copper film 1s stacked
over a copper-magnesium-aluminum alloy film, a three-layer
structure 1n which a titantum film or a titanium nitride film, an
aluminum film or a copper film, and a titanium film or a
titanium nitride film are stacked 1n this order, a three-layer
structure 1n which a molybdenum film or a molybdenum
nitride film, an aluminum film or a copper film, and a molyb-
denum {ilm or a molybdenum nitride film are stacked 1n this
order, and the like can be given. Note that a transparent
conductive material containing indium oxide, tin oxide, or
zinc oxide may be used.

The source electrode 120 and the drain electrode 122 are
provided over the semiconductor layer 118 1n this embodi-
ment but may be provided between the gate insulating film
117 and the semiconductor layer 118.

As the first insulating film 124, an oxide insulating film of
an 1norganic material 1s preferably used so as to improve
characteristics of the interface with the oxide semiconductor
f1lm used as the semiconductor layer 118. As the first insulat-
ing film 124, a silicon oxide {ilm, a silicon oxynitride film, an
aluminum oxide film, or the like having a thickness of from
150 nm to 400 nm can be used. The first insulating film 124
may have a stacked-layer structure of an oxide msulating film
and a nitride msulating film. For example, the first insulating
f1lm 124 can have a stacked-layer structure of a silicon oxyni-
tride film and a silicon nitride film.

Further, the second msulating film 126 can be formed using,
an organic material having heat resistance, such as an acrylic-
based resin, a polyimide-based resin, a benzocyclobutene-
based resin, a polyamide-based resin, or an epoxy-based
resin. Note that the second 1nsulating film 126 may be formed
by stacking a plurality of insulating films formed using any of
these materials. With the use of the second insulating film
126, the unevenness due to the first transistor 250 and the like
can be reduced.

The first conductive films 128 and 129 and the pixel elec-
trode 130 can be formed using a light-transmitting conductive
material such as indium oxide containing tungsten oxide,
indium zinc oxide containing tungsten oxide, indium oxide
containing titanium oxide, indium tin oxide contaiming tita-
nium oxide, indium tin oxide (hereinaiter referred to as I'TO),
indium zinc oxide, or indium tin oxide to which silicon oxide

1s added.

The third insulating films 138, 139, and 140 can be formed
using an inorganic material such as a silicon oxide film, a
s1licon oxynitride film, a silicon nitride oxide film, a silicon
nitride film, or an aluminum oxide film. In particular, one
selected from a silicon nitride film, a silicon nitride oxide
film, and an aluminum oxide film 1s preferably used as the
third i1nsulating films 138, 139, and 140. By use of one
selected from a silicon nitride film, a silicon nitride oxide
f1lm, and an aluminum oxide film as the third insulating films
138, 139, and 140, release of hydrogen or moisture from the
second 1nsulating film 126 can be suppressed.

For the second conductive films 148 and 149 and the com-
mon electrode 150, a material similar to that used for the first
conductive films 128 and 129 and the pixel electrode 130 can
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be used. Although either the same material or different mate-
rials may be used for the second conductive films 148 and 149
and the common electrode 150 and for the first conductive
films 128 and 129 and the pixel electrode 130, the use of the
same material 1s preferable because manufacturing cost can
be reduced.

For the liqud crystal layer 134, a liquid crystal material
such as thermotropic liquid crystal, low-molecular liquid
crystal, high-molecular liquid crystal, polymer dispersed lig-
uid crystal, ferroelectric liquid crystal, or anti-ferroelectric
liquid crystal can be used. Such a liquid crystal material
exhibits a cholesteric phase, a smectic phase, a cubic phase, a
chiral nematic phase, an 1sotropic phase, or the like depending
on conditions.

As a driving mode of the liquid crystal element 256 1n the
semiconductor device illustrated in FIGS. 1A to 1C and
FIGS. 2A and 2B, a twisted nematic (TIN) mode, an 1in-plane-
switching (IPS) mode, a fringe field switching (FFS) mode,
an axially symmetric aligned micro-cell (ASM) mode, an
optical compensated birelringence (OCB) mode, a ferroelec-
tric liquud crystal (FLC) mode, an antiferroelectric liquid
crystal (AFLC) mode, orthe like can be used. In particular, an
FFS mode 1s preferably used to achieve a wide viewing angle.

The semiconductor device may be a normally black liquid
crystal display device such as a transmissive liquid crystal
display device utilizing a vertical alignment (VA) mode.
Some examples are given as the vertical alignment mode. For
example, a multi-domain vertical alignment (MVA) mode, a
patterned vertical alignment (PVA) mode, and the like can be
used. Moreover, 1t 1s possible to use a method called domain
multiplication or multi-domain design, in which a pixel 1s
divided into some regions (subpixels) and molecules are
aligned in different directions 1n their respective regions.

Although not 1llustrated 1n FIGS. 1A to 1C and FIGS. 2A
and 2B, an alignment {ilm, an optical member (optical sub-
strate) such as a polarizing member, a retardation member, or
an anti-retlection member, and the like may be provided as
appropriate. For example, circular polarization may be
employed by using a polarizing substrate and a retardation
substrate. In addition, a backlight, a side light, or the like may
be used as a light source.

As a display method 1n the pixel portion 104, progressive
scan, iterlace scan, or the like can be employed. Further,
color elements controlled 1n a pixel at the time of color dis-
play are not limited to three colors of R, G, and B (R, G, and
B correspond to red, green, and blue, respectively). For
example, R, G, B, and W (W corresponds to white); R, G, B,
and one or more of yellow, cyan, magenta, and the like; or the
like can be used. Further, the sizes of display regions may be
different between respective dots of color elements. Note that
one embodiment of the invention disclosed herein 1s not lim-
ited to the application to a display device for color display;
one embodiment of the invention disclosed herein can also be
applied to a display device for monochrome display.

Further, a spacer 136 1s formed on the second substrate 110
side so as to control the distance (cell gap) between the first
substrate 102 and the second substrate 110. Note that the cell
gap determines the thickness of the liquid crystal layer 134.
The spacer 136 may have any shape, like a columnar spacer or
a spherical spacer formed by selective etching of an insulating
film, or the like.

As the sealant 112, a thermosetting resin, an ultraviolet
curable resin, or the like can be used. Although an example 1n
which the gate insulating film 117 and the first insulating film
124 are placed between the first substrate 102 and the second
substrate 110 1n a region sealed by the sealant 112 illustrated
in FIG. 2A 1s given, the present mnvention 1s not limited to this
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example. For example, in the region sealed by the sealant 112,
the gate msulating film 117, the first insulating film 124, and
the third insulating film 138 may be formed. As 1llustrated in
FIG. 2A, 1n the region sealed by the sealant 112, the second
insulating film 126 formed using an organic material 1s pret-
erably removed, because penetration of moisture and the like
from outside 1s not caused.

The structure described above 1n this embodiment can be
combined as appropriate with any of the structures described
in the other embodiments.

Embodiment 2

In this embodiment, an embodiment different from the
semiconductor device described above in Embodiment 1 1s
described below with reference to FIGS. 3A and 3B. Note that
the same portions as or portions having functions similar to
those ofthe transistor described in Embodiment 1 are denoted
by the same reference numerals, and repeated description
thereof 1s omitted.

Semiconductor devices 1llustrated 1n FIGS. 3A and 3B are
examples of transistors which can be used 1n the gate driver

circuit portion 106 of the semiconductor device described 1n
Embodiment 1 with reference to FIGS. 2A and 2B.

A transistor 350 illustrated in FIG. 3A includes the gate
clectrode 116 formed over the first substrate 102, the gate
insulating film 117 formed over the gate electrode 116, the
semiconductor layer 118 formed over the gate insulating film
117, and the source electrode 120 and the drain electrode 122
formed over the semiconductor layer 118.

In addition, the first insulating film 124 1s formed using an
inorganic msulating material over the transistor 350, specifi-
cally, over the gate msulating film 117, the semiconductor
layer 118, the source electrode 120, and the drain electrode
122, and the second 1nsulating film 126 1s formed using an
organic msulating material over the first insulating film 124.

Furthermore, the first conductive film 128 1s formed over
the second insulating film 126 over the transistor 350 in a
region overlapping with the semiconductor layer 118.

In addition, the liqud crystal layer 134 1s formed over the
first conductive film 128, and the common electrode 150 1s
tormed over the liquid crystal layer 134. Although an embodi-
ment 1n which the common electrode 150 1s formed on the
first substrate 102 side 1s described above 1n Embodiment 1,
the common electrode 150 may be provided on the second
substrate 110 side as described 1n this embodiment.

Note that disordered orientation 1n the liquid crystal layer
134 can be suppressed by setting the first conductive film 128
at a potential equal to the potential applied to the common
clectrode 150. In addition, the potential of a back channel side
of the transistor 350 can be fixed by applying the potential to
the first conductive film 128. Thus, a possible influence of
charge on the back channel side due to a reliability test can be
reduced.

A transistor 450 illustrated 1in FIG. 3B includes the gate
clectrode 116 formed over the first substrate 102, the gate
insulating film 117 formed over the gate electrode 116, the
semiconductor layer 118 formed over the gate mnsulating {ilm
117, and the source electrode 120 and the drain electrode 122
formed over the semiconductor layer 118.

In addition, the first insulating film 124 1s formed using an
inorganic msulating material over the transistor 450, specifi-
cally, over the gate msulating film 117, the semiconductor
layer 118, the source electrode 120, and the drain electrode
122, and the second insulating film 126 1s formed using an
organic msulating material over the first insulating film 124.
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Furthermore, the second conductive film 148 i1s formed
over the second insulating film 126 over the transistor 450 1n
a region overlapping with the semiconductor layer 118.

In addition, the liquid crystal layer 134 1s formed over the
second conductive film 148, and the pixel electrode 130 1s
tormed over the liquid crystal layer 134. Although an embodi-
ment 1 which the pixel electrode 130 1s formed on the first
substrate 102 side 1s described above in Embodiment 1, the
pixel electrode 130 may be provided on the second substrate
110 side as described 1n this embodiment.

Note that disordered orientation 1n the liquid crystal layer
134 can be suppressed because the common potential 1s
applied to the second conductive film 148. Note that the
potential of a back channel side of the transistor 450 can be

fixed by applying the potential to the second conductive film
148. Thus, a possible influence of charge on the back channel
side due to a reliability test can be reduced.

Although an example in which the first conductive film 128
and the second conductive film 148 are stacked with the third
insulating film 138 provided therebetween 1s given above 1n
Embodiment 1, one of the first conductive film 128 and the
second conductive film 148 may be provided over the tran-
sistor 1n the gate driver circuit portion 106 as described in this
embodiment.

Thus, a display device can be obtained which includes a
pixel electrode provided as one electrode of a liquid crystal
clement; a common electrode provided as the other electrode
of the liquid crystal element so as to face the pixel electrode;
a transistor electrically connected to at least one of the pixel
clectrode and the common electrode and including a gate
clectrode, a gate insulating film formed over the gate elec-
trode, a semiconductor layer formed over the gate insulating,
film, and a source electrode and a drain electrode formed over
the semiconductor layer; a first insulating film formed using,
an 1organic material over the transistor; a second isulating
f1lm formed using an organic material over the first insulating
f1lm; and a conductive film formed over the second insulating
film and formed 1n a region overlapping with the semicon-
ductor layer. The conductive film 1s at the same potential as
the common electrode.

As described above, a transistor in a gate driver circuit
portion of a display device (especially, a liquid crystal dis-
play) 1s preferably configured such that an electric field in the
driver circuit portion does not adversely atfect display, and
particularly such that an electric field over the gate driver
circuit portion or a source driver circuit portion does not
adversely affect display even when the area of the gate driver
circuit portion or the source driver circuit portion 1s reduced
by a decrease 1n frame width or the like.

A first conductive film and/or a second conductive film
cach functioning as a back gate electrode in the gate driver
circuit portion can be formed at the same time as a pixel
clectrode and/or a common electrode 1n a pixel portion, which
1s favorable because the manufacturing process can be sim-

plified.
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The structure described above in this embodiment can be
combined as appropriate with any of the structures described
in the other embodiments.

This application 1s based on Japanese Patent Application
serial no. 2012-252106 filed with Japan Patent Office on Now.
16, 2012, the entire contents of which are hereby incorporated
by reference.

What 1s claimed 1s:

1. A display device comprising:

a transistor comprising;

a gate electrode;
a gate insulating film over the gate electrode;

a semiconductor layer over the gate insulating film; and
a source electrode and a drain electrode over the semi-

conductor layer;

a first insulating film comprising an inorganic material over
the transistor;

a second insulating film comprising an organic material
over the first insulating film;

a first conductive film located over the second insulating
film and overlapping with the semiconductor layer;

a pixel electrode over the second 1nsulating film, the pixel
clectrode electrically connected to the first conductive
film;

a third mnsulating film comprising an morganic material
over the first conductive film and the pixel electrode;

a second conductive film located over the third insulating
film and overlapping with the first conductive film;

a common electrode over the third insulating film, the
common electrode electrically connected to the second
conductive film;

an electrode electrically connected to the common elec-
trode through an opening provided 1n the gate insulating
{1lm, the first insulating film, and the second insulating
film; and

a liquid crystal layer over the second conductive film and
the common electrode.

2. The display device according to claim 1, wherein the

semiconductor layer 1s an oxide semiconductor layer.

3. The display device according to claim 1, wherein the
transistor 1s provided in a driver circuit portion of the display
device.

4. The display device according to claim 2, wherein the
oxide semiconductor layer comprises at least one oxide
selected from the group consisting of indium oxide, tin oxide,
and zinc oxide.

5. The display device according to claim 2, wherein the
oxide semiconductor layer 1s an In—Ga—Z7n-based oxide
semiconductor layer.

6. The display device according to claim 2,

wherein the oxide semiconductor layer comprises a crystal
part, and

wherein a c-axis of the crystal part 1s parallel to a normal
vector of a surface where the oxide semiconductor layer
1s formed.
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